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RESUMEN
Variabilidad estacional y diurna del aceite esencial de
Origanum onites L. cultivado en las condiciones ecológi-
cas de Çukurova.
El orégano turco (Origanum onites L.) es uno de los más re-
colectados de la naturaleza así como la especie de orégano más
cultivada en Turquía. Además es la especie de orégano más ex-
portada desde Turquía a todo el mundo. 
En este trabajo se estudió la variabilidad estacional y diurna
del contenido de aceite esencial de Origanum onites L. cultivado
en las condiciones ecológicas de Çukurova desde Septiembre de
2000 a Agosto de 2001. Se estudió también la variabilidad men-
sual de la composición del aceite esencial.
Los plantones recogidos en la región fueron plantados en un
invernadero y transferidos al campo en un diseño con tres replica-
dos. Un año después del transplante, se recogieron hojas verdes
de la parte superior de las nuevas plantas los lunes de cada se-
mana tres veces al día (08.00, 12.00 y 16.00 horas) durante el año.
El contenido y la composición del aceite esencial fueron analiza-
dos en muestras de las hojas frescas obtenidas mediante hidro-
destilación. 
El contenido de aceite esencial cambió de acuerdo con las
estaciones y la hora del día. El contenido más alto (1,92%) se en-
contró en la post floración, al principio del periodo de formación
de la semilla, en las recolecciones de la tarde durante la segunda
mitad de Junio (semana no 40). La composición del aceite esen-
cial varió mensualmente y el valor más alto (73,65 %) de carva-
crol, el principal componente del aceite esencial, se obtuvo en el
periodo de floración en Mayo.
PALABRAS-CLAVE: Aceite esencial - Orégano turco - Ori-
ganum onites L. - Variabilidad estacional y diurna.
SUMMARY
Seasonal and diurnal variability of essential oil and its
components in Origanum onites L. grown in the ecologi-
cal conditions of Çukurova.
Turkish Oregano (Origanum onites L.) is one of the most
commonly collected from nature as well as cultivated Origanum
species in Turkey. In addition, Turkish Oregano is the most
exported Origanum species from Turkey to the entire World.
In this study, the seasonal and diurnal variability of the
essential oil content in Origanum onites L. grown in the ecological
conditions of Çukurova was studied from September 2000-August
2001. Monthly variability of the essential oil composition was also
studied. 
The plant cuttings collected from the region were rooted in the
greenhouse and transferred to the field in a split plot design with
three replications. One year later from transplanting,fresh leaves
from the top shoots were collected every week three times a day
on Monday (at 08.00, 12.00 and 16.00 o’clock) throughout the year.
The content and composition of the essential oil were analysed in
fresh leaf samples by hydrodistillation.
The essential oil content changed according to the seasons
and the hour of day. The highest essential oil content (% 1.92) was
found in the post-flowering -at the beginning of the seed formation
period in the afternoon harvests during the second half of June
(40th week). The essential oil composition varied monthly and the
highest value (% 73.65) of carvacrol, the main component of the
essential oil, was obtained from the flowering period in May.
KEY-WORDS: Essential Oil - Origanum onites L. - Seaso-
nal and Diurnal Variability - Turkish oregano.
1. INTRODUCTION
Turkish Oregano (Origanum onites L.) is widely
used as a spice and herbal tea in Turkey. The
essential oil and hydrosols of Turkish Oregano is
consumed as traditional medicine for treating
gastrointestinal disorders and diabetes. This species
is one of the most collected from nature as well as
cultivated Origanum species especially in the
Aegean region of Turkey. Turkish Oregano is the most
exported Origanum species from Turkey to the entire
World. 
Origanum onites L. is locally distributed in Turkey,
Greece and Sicily (Italy) (Kokkini, 1996). This
Origanum species has been naturalized in Balikesir,
Marmara Island, Manisa, Aydin, Mugla, Fethiye,
Denizli, Antalya, Isparta and Beysehir districts of Turkey
(Davis, 1982). Turkish Oregano is characterized mainly
by its umbrella-shaped flowers which are rich in
essential oil and flowering continues from April to
August. In the essential oil plants, the content of the
essential oil is affected by the part of the plant, growing
stages, time of day, climate, environment, plant age
and genetic structure (Ceylan, 1995; Demir, 1974). 
The essential oil content and its composition are
one of the most important quality criteria for Oregano
in all purposes. Dried Oregano leaves must have at
least 2.0-4.5% essential oil content for market
demands. Because of its powerful antimicrobial
properties, carvacrol, the main component, content
of the essential oil is considered as a quality criterion
(Tepe et al., 2004).
The objective of the present study was to
determine the effect of harvest time on the essential
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oil content and its components of Turkish Oregano
grown in the ecological conditions of Çukurova.
2. MATERIALS AND METHODS
Origanum onites L. has naturally been found in
the Çukurova region, which has a wide range of
aromatic plant genetic resources and is located
along the east coast of the Mediterranean region.
Oregano cuttings used in this study were collected
from the natural flora. The plant cuttings were rooted
in the greenhouse and transferred to the field
conditions. The rooted cuttings were planted in
spaces of 30x30 cm in a split plot design with three
replications. The main plots were allotted to the
weeks and the subplots to the sampling hours in a
day. The leaf samples were taken three times (at
08.00, 12.00 and 16.00 o’clock) on every Monday for 48
weeks throughout the research year, three replicates
in each sampling.
This study was carried out in the ecological
conditions of Çukurova from September 2000-August
2001. In this region, for the research year, the average
climatic values are given in Table 1. The soil
characteristics of the region were sandy-loam and light
alkaline (pH: 7.29). The nitrogen, P2O5 and lime
contents in the experimental area were 0.112 %, 141.7
kg/ha and 33.02 %, respectively.
The samples were taken after one year of
transplanting. The plant sampling started in
September, 2000 and continued throughout the year.
The fresh plant materials were harvested from the
top of the plants. 
For determining the essential oil content, samples
(20 g) were submitted to hydrodistillation for 2 hours
using a Clevenger-type apparatus with three
replicates. 
For identification of the essential oil components,
Gas Chromatograph (Hewlett Packard Model 6890)
was performed in a split/splitless injection system
equipped with a FID and a DB-5 capillary column
(30m x 0.25 mm i.d.; 0.25 µm film thickness).
Temperature was programmed from 50 oC at 5 min
then programmed at 4oC/min to 260oC. The carrier
gas was nitrogen. The essential oil components:
α-pinen, β-pinen, α-terpinen, 1,4-cineol, γ-terpinen,
linalool, borneol, thymol and carvacrol were
identified by comparing linear retention indexes with
those from authentic compounds.
The statistical analyses were done according to
split plot design by computer statistical program,
MSTATC. The differences among the means were
compared using LSD (5 %).
3. RESULTS AND DISCUSSION
In this study, the essential oil content of Turkish
oregano varied from 0.23 -1.92 % according to the
time of day and week of the year (Table 1). The
highest essential oil content (% 1.92) was obtained
from the 40th week, at the end of flowering-beginning
of seed formation period, the second half of June.
The essential oil content increased as the plant grew
but it began to decrease significantly after the
seed-set period. The lowest value (% 0.23) was
obtained during the 21st week, the first week of
February (Figure 1).
Although the essential oil content began to
increase with plant growth, a slight decrease
occurred in May. This may be due to unusual weather
conditions, more rainfall and lower temperatures
than those throughout the year in the region.
The essential oil content of Turkish Oregano
changed according to the month and the time of day
(Figure 1). Essential oil contents from morning
samplings were higher in October, November and July,
but the afternoon samplings produced higher values in
September, February and May. Although the noon
samplings produced higher values in June, there were
no statistical differences between the noon and
afternoon samplings in April and August. The three
sampling hours had no significant effect on the
essential oil content in December, January and March.
In the scientific literature, several papers are
available indicating that the essential oil content of
the Origanum species reaches its highest values at
full blooming stage and at the beginning of seed
formation (Ceylan, 1995; Özgüven and Stahl-Biskup,
1989; Özgüven et al., 1996; Bayram, 1995; Kokkini,
1996).
The essential oil contents obtained in the present
study were lower than those of other researchers in
the literature. In our study, fresh plant material was
used for the essential oil analysis. Since fresh plant
material contains higher water content than dried
materials, their essential oil content is expected to be
lower, as in the present study.
The mean values of the essential oil content for
the sampling hours are given in Table 2. Taking into
Figure 1
Variation of the essential oil contents of Turkish oregano within
daytime and months.
0 ,0 0
0 ,2 0
0 ,4 0
0 ,6 0
0 ,8 0
1 ,0 0
1 ,2 0
1 ,4 0
1 ,6 0
1 ,8 0
2 ,0 0
Se
pt
em
be
r
O
ct
o
be
r
N
ov
em
be
r
D
ec
em
ce
r
Ja
n
u
ar
y
Fe
br
u
ar
y
M
ar
ch
A
pr
il
M
ay
Ju
n
e
Ju
ly
A
ug
u
st
M on th s
Es
se
n
tia
l O
il 
Co
n
te
n
t (
%
)
0
5
1 0
1 5
2 0
2 5
3 0
Te
m
pe
ra
tu
re
 (°
C)
M or n in g N oon A fter n oon T em p era tu re
Vol. 56. Fasc. 4 (2005) 255
consideration the entire year, the effect of sampling
hours (diurnal variability) on essential oil content of
Turkish oregano was statistically significant. The
highest values were recorded at noon and in the
Seasons Months Weeks in Year Essential Oil Content (%) Temp. (°C) Rainfall (mm)
1 0.68 kl
2 0.68 kl
3 0.62 klmn
September, 2000
4 0.64 klmn
26.2 41.2
5 0.83 i j
6 0.66 klmn
7 0.54 mnop
October, 2000
8 0.53 nop
20.2 135.7
9 0.48 opq
10 0.49 opq
11 0.47 pq
A
ut
u
m
n
November, 2000
12 0.44 pq
15.4 30.8
13 0.48 opq
14 0.44 pq
15 0.37 qrs
December, 2000
16 0.37 qrs
10.9 37.7
17 0.40 qr
18 0.28 rst
19 0.40 qrJanuary, 2001
20 0.47 opq
10.7 8.6
21 0.23 t
22 0.26 st
23 0.27 st
W
in
te
r
February, 2001
24 0.44 pq
10.9 74.9
25 0.56 lmnop
26 0.59 klmno
27 0.71 jkMarch, 2001
28 0.85 i
16.5 46.6
29 0.82 i j
30 1.04 gh
31 1.20 f
April, 2001
32 1.18 f
18.7 8.8
33 1.39 de
34 0.92 hi
35 1.06 g
Sp
rin
g
May, 2001
36 1.36 de
21.8 130.4
37 1.63 c
38 1.74 bc
39 1.84 ab
June, 2001
40 1.92 a
26.6 -
41 1.63 c
42 1.33 e
43 1.48 d
July, 2001
44 1.43 de
28.4 -
45 1.20 f
46 1.37 de
47 1.14 fg
Su
m
m
er
August, 2001
48 0.71 jk
29.2 31.1
Total Rainfall and Average of Temperature Values 19.6 °C 545.8 mm
LSD (5 %): 0.1256. There were no statistical differences among the means shown by the same letters
Table 1
Average climatic values and essential oil contents of Turkish oregano throughout the year
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afternoon samplings. It has been reported that in the
essential oil plants, the content of the essential oil is
varied throughout the day and generally the essential
oil contents increase from the morning to the
afternoon and then decrease into the night (Ceylan,
1995; Binokay and Özgüven, 1987).
The composition of the essential oil and amounts
of its components in Turkish Oregano sampled
throughout the year varied with plant growing stages.
As the γ-terpinene, linalool and carvacrol in the
essential oil were detected in all the samplings, some
components did not exist in the analysis of essential
oil of the samples taken in some months (Table 3). 
The average values of carvacrol, linalool,
γ-terpinene, α-terpinene, 1,4-cineol, borneol, thymol,
β-pinene and α-pinene changed from 47.41-73.65
%, 2.44-16.62 %, 2.95-9.40 %, 1.18-18.63 %,
1.06-7.31 %, 1.26-2.77 %, 1.33-2.97 %, 0.99-1.97 %
and 1.18-1.36 %, respectively. 
Carvacrol, the main component in the essential
oil of Turkish Oregano, had the highest value (73.65
%) in May when the oregano plants were in their full
blooming stage. All the essential oil components of
Turkish Oregano were found in May and June. These
findings may indicate that when the essential oil
content reaches its highest value, the number and
amount of essential oil components are at a
maximum (Figure 2). 
Otan et al. (1994) and Kokkini (1996) stated that,
the season of collecting may strongly affect the
essential oil yield of the plants and the concentration
of its main components. Biondi et al. (1993) and
Table 2
Average essential oil content of Turkish oregano during daytime
Sampling Time (O’clock) Essential Oil Content (%)
8 0.81 b
12 0.86 a
16 0.87 a
LSD (5 %): 0.03119. There were no statistical differences among the means shown by the same letters.
Table 3
Average values of essential oil components in Turkish oregano throughout the year
Months
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September Tz Tz 15.46 Tz 9.31 11.65 Tz Tz 60.33
October Tz Tz 12.29 Tz 9.43 12.90 Tz Tz 65.37
November Tz Tz Tz 6.37 4.18 13.78 2.67 Tz 68.58
December Tz Tz 3.76 Tz 3.57 17.51 Tz 2.10 70.18
January Tz Tz Tz 3.61 2.95 16.62 2.77 2.87 63.70
February Tz 0.99 Tz 2.68 4.35 12.64 2.30 1.92 47.41
March Tz 1.19 Tz 2.66 6.13 13.51 1.26 1.79 63.61
April Tz 1.72 Tz 1.06 8.02 10.82 1.50 2.78 57.84
May 1.36 1.90 1.18 7.31 5.32 3.93 1.60 1.33 73.65
June 1.18 1.97 1.26 1.22 6.95 6.81 2.00 2.97 62.37
July Tz Tz Tz 5.26 3.71 2.44 2.14 Tz 62.21
August Tz Tz 18.63 Tz 9.18 10.39 Tz Tz 55.29
Mean 0.21 0.65 4.38 2.51 6.09 11.08 1.35 1.31 62.55
Tz: Trace levels
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Ceylan (1995) reported that the content of
thymol+carvacrol in the essential oil of Origanum
smyrnaeum L. reached its highest values in the
flowering time. Our results are in agreement with the
findings of the paper mentioned above. Similar
results were also reported in the literature relating to
the essential oil of Oregano (Ceylan, 1987; Kaya,
1990; Erdemgil, 1992; Ruberto et al., 1993; Vokou et
al., 1998).    
4. CONCLUSON
Turkish Oregano (Origanum onites L.) is widely
collected from nature and also cultivated especially
in the Aegean region of Turkey and also exported
excessively abroad as a spice, essential oil or
oregano water. The harvest time of oregano is very
important for all kinds of usage. 
As a conclusion of the present study, it could be
stated that noon and afternoon harvests at
post-flowering-beginning of seed formation period
may result in higher values of essential oil content as
well as its components. This period occurs in the
second half of June in the ecological conditions of
Çukurova. 
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Figure 2
Variation of the essential oil components of Turkish oregano
throughout the year.
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